The advent of few-layer graphenes 1 has given rise to a new family of twodimensional systems with emergent electronic properties governed by relativistic quantum mechanics. The multiple carbon sublattices endow the electronic wavefunctions with pseudospin, a lattice analog of the relativistic electron spin, while the multilayer structure leads to electric field effect tunable electronic bands. Here we use these properties to realize giant conductance oscillations in ballistic trilayer graphene Fabry-Pérot interferometers, which result from phase coherent transport through resonant bound states beneath an electrostatic barrier. We cloak these states 2 by selectively decoupling them from the leads, resulting in transport via non-resonant states and suppression of the giant oscillations. Cloaking is achieved both classically, by manipulating quasiparticle momenta with a magnetic field, and quantum mechanically, by locally varying the pseudospin character of the carrier wavefunctions. Our results illustrate the unique potential of trilayer graphene as a versatile platform for electron optics and pseudospintronics.
The development of electronic devices with new functionality or improved performance depends on the ability to manipulate carrier degrees of freedom in low dimensional materials in new ways. To this end, graphenes offer an appealing way forward: low electronphonon coupling enables micron scale ballistic transport even at elevated temperatures 3 , this Letter, we use this tunability to control the TLG band structure and pseudospin properties locally in an electronic Fabry-Pérot interferometer geometry in order to probe both inter-and intra-species scattering properties. Compared to previous work on pseudospin effects in quasi-ballistic graphene heterostructures 17,18 , which were limited to weak effects due to low sample quality, our devices exhibit a quantitatively and qualitatively different interference regime, both through a dramatic increase in sample quality and by exploiting the wide tunability of the TLG electronic structure. Our hBN encapsulated samples show low disorder, with mobility µ 60,000 cm 2 /V·s at 300 mK. The resulting mean free path ( mf ∼600 nm) ensures that the quasiparticles are largely ballistic over length scales comparable to the top gate width (∼60 nm). Figure 1c shows the change in resistance of the LGR at zero magnetic field as a function of the voltages on the top (V TG ) and bottom (V BG ) gates. The contact and GL resistance, which are independent of V TG , have been substracted from each V BG trace for clarity. The resulting resistance map is divided into four quadrants corresponding to different signs of the charge carrier density in the LGR and GLs 19-21 . The LGR resistance is higher in the bipolar regimes, II and IV, reflecting the presence of electrostatically created pn junctions, and negative in much of regions I and III, reflecting lowered resistance of the LGR when the absolute density is increased locally in the unipolar regime. Figure 1d In addition to this chirality-assisted cloaking of the RBS 2 , the RBS can also be cloaked classically using an external magnetic field, which induces a momentum mismatch between the RBS and the available states in the GLS.
We quantitatively describe both cloaking regimes, in which transport is diverted to other diffusive and ballistic channels and the giant oscillations disappear.
Oscillatory conductance in an electronic Fabry-Pérot etalon arises from quasiparticle trajectories that have comparable reflection and transmission amplitudes: too transmissive, and the particles are never trapped under the barrier, too reflective and they never enter from the lead. At the same time, some selectivity in the angular transmission is necessary in order to avoid destructive phase averaging, which arises from the random injection angle of quasiparticles incident from the diffusive GLs. Phase coherent transport across the LGR is thus strongly influenced by the transmission properties of the pn junctions defining the
LGR, which determine the subset of available states through which ballistic transport can occur. In a ballistic pn junction, the transmission amplitude, T , receives both a semiclassical and a fully quantum contribution, Uniquely, TLG allows us to experimentally tune the chiral structure of the wavefunctions through the electric-field tunability of the band structure, allowing us to characterize the role of pseudospin in quasiparticle scattering.
Quantitative modeling of the giant oscillations, and their rapid disappearance as a function of both gate voltages and magnetic field, follows from the phase coherent Landauer formula 22 for the conductance,
where θ is the phase accumulated by carriers as they traverse the LGR 22,27 . We find that Eq. 1 accounts very well for the conductance oscillation period and relative amplitude with respect to variation of the carrier density and magnetic field (see Figs. 3a-c, and discussion below). The only inputs needed are the electrostatic profile in the device (calculated by finite element analysis) and the TLG band structure 15, 28 (see Supplementary Information), both obtained independently.
Analysis of Eq. 1 shows that two factors, absent in other graphene-based interferometers, conspire to enhance the amplitude of the giant oscillations. First, the sum in (1) runs over momenta corresponding to propagating states in both the GLs and LGR,
LGR F
). In the giant oscillation regime, the Fermi surface in the GLs is small in comparison to that in the LGR, leading to an effective collimation of the trajectories within the barrier. Second, the interflavor nature of the MLG-BLG interface suppresses strong contributions to T Q , which is approximately angle independent, with transmissivity of ∼ 50% (Fig. 2b) . The Fermi surface mismatch thus serves to preferentially inject carriers into the near-normal RBS in the junction, while the weak angular dependence and ∼1/2 value of the pseudospin matrix element ensures that transmission is in the optimal range, leading to the large observed oscillation amplitudes.
The giant oscillations are sensitive to small changes in the density in the GLs (see Fig   1c) . Figures 2a and 2c show fixed-V BG conductance traces in and out of the giant oscillation regime. Electrostatics simulations show that the sudden disappearance of the oscillations at high GL density coincides with a transition in the pseudospin structure of the GL wavefunctions: the oscillations are quickly suppressed once the BLG-like bands start to become occupied in the GLs (see insets in Fig. 2a and 2c) . Cloaking of the RBS can also be achieved by a classical mechanism through the application of an out of plane magnetic field, B. Figure 3b shows the B dependence of the giant oscillations: they disappear rapidly with B, and are completely suppressed by B ∼100
mT. This is in stark contrast to the Fabry-Pérot oscillations observed in MLG , only a small magnetic field is necessary to make simultaneous momentum and energy momentum conservation impossible at the second interface, Figure 4 shows the three distinct magnetic field regimes schematically. For small values of B, the field simply introduces a difference in the incident angle of a quasiparticle trajectory on the two junctions for most values of k (see Fig. 4b ). However, above a critical magnetic field, B C ∼ 2 k GL F /(eL), the field imparts such a large transverse momentum to the carriers in the RBS that they can no longer escape to the GLs, and effectively decouple from transport (see Fig. 4c ). As in the case of chirality assisted cloaking described above, the resulting decoupling of the RBS from the lead states drives transport to diffusive channels, in which impurity scattering in the LGR provides the momentum relaxation required for quasiparticle escape.
ABA TLG constitutes a high mobility and highly tunable electronic system: carrier density, Fermi surface area, energy-momentum dispersion, quasiparticle chirality and pseudospin can all be tuned electrostatically over large ranges. In this Letter, we have used this tunability to realize a novel Fabry-Pérot interferometer device, where we explore both quantum confinement of chiral carriers as well as the limits of semiclassical magnetoconfinement in nanostructures. These phenomena and the unique versatility of TLG hold promise for the realization of devices with novel functionality based on pseudospintronics.
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